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CATHETER-BASED TISSUE REMODELING
DEVICES AND METHODS

RELATED APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 11/408,717, filed Apr. 21, 2006, which is related to,
and claims the benefit of U.S. Provisional Patent Application
No. 60/702,823, filed Jul. 27, 2005, and U.S. Provisional
Patent Application No. 60/673,838, filed Apr. 22, 2005. The
entireties of each of the above referenced applications are
hereby incorporated by reference herein and made a part of
the present disclosure.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to systems and methods for
remodeling soft tissue of a patient. More specifically, the
present invention relates to drawing tissue portions toward
one another to, for example, reduce or close body cavities or
lumens, such as heart chambers, heart valves and other gen-
erally hollow anatomical structures.

2. Description of the Related Art

Several surgical techniques have been developed to close
defects in tissue, reduce or close tubular structures, remodel
cavities and repair bodily valves. However, the existing tech-
niques require surgery or, even if non-invasive, suffer from
significant drawbacks. For example, existing techniques may
be generally difficult to perform, leave large residual foreign
materials in the body, or not very effective in achieving the
desired results.

For example, with respect to vascular or heart tissue
remodeling, minimally invasive methods are fairly complex
and often leave devices, such as stents, umbrellas, disks,
plugs or rods, within a blood pathway of the body, which
could promote thrombus formation. With respect to mitral or
aortic regurgitation, minimally invasive methods typically
insert a rod or similar apparatus within the coronary sinus.
However, such a method could lead to erosion of the coronary
sinus or other problems to the patient. Alternative devices and
methods that attach the valve leaflets together to reduce regur-
gitation could lead to tears in the leaflets, which could require
further surgery.

To properly and consistently repair the mitral valve, the
following variables are relevant: the annular diameter, the
leaflet length, the chordal length and the attachment point of
the chords. Fortunately, the leaflet length is relatively con-
stant. The annulus diameter can be fixed by the annuloplasty
ring. The chords can be replaced by polytetrofluorethylene
suture to fix their length. The missing variable is the attach-
ment of the chords to the left ventricle. To date, this remains
a troublesome variable to the valve repair.

Ischemic mitral regurgitation occurs when there is ven-
tricular dysfunction which causes the posterolateral attach-
ments of the mitral valve to be drawn away from the annulus
in systole. This pulls the two leaflet edges apart at their point
of'coaptation and produces an asymmetrical regurgitate jet or,
in other words, blood flow in the wrong direction through the
valve. In an ideal situation, the leaflets, the chords and the
attachment points are all anatomically normal. Sometimes
there is a relative discrepancy between the distances the ante-
rior leaflet is drawn inward relative to the posterior leaflet so
they are not just separated from edge-to-edge but also there is
a step deformity of the junction point. The patient may also
have some underlying mild degree of degenerative deformity
which may initially cause a mild, but well-tolerated degree of
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mitral regurgitation. However, the regurgitation often
becomes severe after left ventricular ischemia occurs.

Some repair techniques apply tight annuloplasty rings
which serve to buckle the leaflets and draw them together to,
for example, correct ischemic disease. This often leaves a
degree of mitral regurgitation and mitral stenosis results.
However, long term results seem to degenerate after a couple
of'years due to the continuing of the dilation in the ventricle
it self, which changes the attachment point position in regard
of the annulus and by pulling on the chords, the leaflet edges
will no longer coapt, thereby producing regurgitation.
Accordingly, a need exists for improved minimally invasive
tissue remodeling devices and methods in general, and par-
ticularly for the purpose of adjusting the location of the
attachment of the chords to the left ventricle relative to the
valve annulus.

SUMMARY OF THE INVENTION

Preferred systems and methods of the present invention
permit remodeling of soft tissue structures using minimally
invasive techniques, which preferably are catheter based. In
many arrangements, the systems and methods leave little or
no foreign objects within fluid pathways of the body. In cer-
tain preferred embodiments, a purse string device is placed
within a body cavity or tubular structure to reduce or com-
pletely close the cavity or structure. The preferred systems
and methods are well suited for use in structural defect repair,
including treatment of heart valve insufficiency, heart ven-
tricle remodeling, and closure of a vessel. In some arrange-
ments, the purse string device may be a suture and, in other
arrangements, the purse string device may be a coiled mem-
ber.

A preferred method includes positioning a distal end of a
catheter proximate a body structure and securing a plurality
of'anchors to tissue of the body structure comprising advanc-
ing a piercing member into a wall of the body structure by
passing the member through an inner surface of the wall of the
body structure. Tissue anchors are deployed from the piercing
member such that at least a portion of the anchor contacts the
outer surface of the wall of the body structure. A force is
applied to a purse string to draw at least some of the anchors
towards each other.

A preferred method includes providing a catheter compris-
ing a plurality oftissue anchors and positioning a distal end of
the catheter proximate a body structure. The plurality of tis-
sue anchors are substantially simultaneously secured at
respective spaced locations within the body structure. The
securing comprises advancing a distal-most end of the cath-
eter into contact with tissue at the spaced locations.

A preferred method includes providing a catheter compris-
ing a guide catheter and a plurality of delivery catheters
having a curved pre-shape and carrying respective tissue
anchors. The delivery catheters are disposed within the guide
catheter. A distal end of the catheter is positioned proximate a
body structure. The plurality of tissue anchors are secured at
respective spaced locations within the body structure by
advancing the plurality of delivery catheters through the
guide catheter such that distal end portions of the delivery
catheters protrude from a distal end of the guide catheter. The
securing comprises positioning the anchors at respective dis-
tal ends of the delivery catheters and allowing the distal
portions of the delivery catheters to move towards the curved
pre-shape as the distal portions of the delivery catheters are
advanced.

A preferred method of closing a fallopian tube includes
positioning a distal end of a catheter at a location within the
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fallopian tube. The catheter is used to secure respective tissue
anchors at at least three spaced locations in a wall of the tube.
At least some of the tissue anchors are relatively moved by
applying a force to a purse string such that the locations are
drawn towards each other.

A preferred method of closing a fallopian tube includes
positioning a distal end of a catheter at a location within the
fallopian tube. The catheter is used to secure respective tissue
anchors at at least three spaced locations in a wall of the tube.
A line is serially threaded through the tissue anchors. Respec-
tive portions of the line are drawn through at least some of the
tissue anchors such that the locations are drawn towards each
other.

A preferred method of repairing a heart valve includes
introducing a distal end of a catheter through vasculature to a
location proximate a heart valve. The catheter is used to
secure respective tissue anchors at at least three spaced loca-
tions adjacent the valve. At least some of the tissue anchors
are relatively moved by applying a force to a purse string such
that the valve leaflets are repositioned to improve valve func-
tion.

A preferred method of repairing a heart valve includes
introducing a distal end of a catheter through vasculature to a
location proximate a heart valve. The catheter is used to
secure respective tissue anchors at at least three spaced loca-
tions adjacent the valve. A line is serially threaded through the
tissue anchors. Respective portions of the line are drawn
through at least some of the tissue anchors such that the valve
leaflets are repositioned to improve valve function.

A preferred method of reshaping a heart ventricle includes
introducing a distal end of a catheter into the ventricle through
vasculature. The catheter is used to secure respective tissue
anchors at at least three spaced locations in a wall of the
ventricle. At least some of the tissue anchors are relatively
moved by applying a force to a purse string such that the
ventricle is reshaped.

A preferred method of reshaping a heart ventricle includes
introducing a distal end of a catheter into the ventricle through
vasculature. The catheter is used to secure respective tissue
anchors at at least three spaced locations in a wall of the
ventricle. A line is serially threaded through the tissue
anchors. Respective portions of the line are drawn through at
least some of the tissue anchors such that the ventricle is
reshaped.

A preferred apparatus includes a catheter comprising a
purse string interconnected with a plurality of tissue anchors
configured to be secured to one of heart tissue, blood vessel
tissue, or fallopian tube tissue, such that, in use, force on the
purse string moves at least some of the secured tissue anchors
to reshape the heart, improve heart valve function, or close a
fallopian tube, respectively.

A preferred method of repositioning leaflets of a mitral
valve of a heart to improve valve function includes advancing
a distal end of a catheter through an opening in the septal wall
of the heart and into the left ventricle of the heart. A purse
string is provided. The catheter is used to secure the purse
string at a plurality of locations adjacent an inner surface of
the wall of the ventricle. A force is applied to the purse string
to alter the shape of the left ventricle such that the leaflets are
repositioned to improve the function of the valve.

A preferred method of repositioning leaflets of a mitral
valve of a heart to improve valve function includes providing
aplurality of anchors in tissue of a wall of a ventricle such that
at least some of the anchors are interconnected by an elastic
member. The anchors are positioned such that the elastic
member is in tension so as to elastically draw at least some of
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the anchors toward one another to alter the shape of the left
ventricle such that the leaflets are repositioned to improve the
function of the valve.

A preferred method of repositioning leaflets of a mitral
valve of a heart to improve valve function include advancing
adistal end of a catheter into a right chamber of the heart. The
catheter is used to advance a line through the wall of the left
ventricle in a direction parallel to inner and outer surfaces of
the wall such that the line extends along the wall generally
parallel to the surfaces substantially from a location on one
side of the heart to a location on an opposite side of the heart.
A force is applied to the line to alter the shape of the left
ventricle such that the leaflets are repositioned to improve the
function of the valve.

A preferred method of repositioning leaflets of a mitral
valve of a heart to improve valve function includes advancing
respective distal ends of first and second guide catheters into
a right chamber of the heart and through respective spaced
locations in the septal wall to the left ventricle. The guide
catheters are used to facilitate positioning of an anchor posi-
tioning member in the left ventricle. The anchor positioning
member is oriented so as to extend from one side of the
ventricle to another. The anchor positioning member is used
to secure a plurality of anchors to the wall of the ventricle by
pressing the anchors against tissue. At least some of the
anchors are drawn toward one another to alter the shape ofthe
left ventricle such that the leaflets are repositioned to improve
the function of the valve.

A preferred method of repositioning leaflets of a mitral
valve of a heart to improve mitral valve function includes
providing an elongate anchor positioning member and a
series of anchor stowage members disposed serially in spaced
relationship along the anchor positioning member. The elon-
gate anchor positioning member is pressed against a wall of
the ventricle such that the positioning member supports the
stowage members adjacent the wall. Respective anchors are
driven out of the stowage members and into ventricular tissue
while the anchor positioning member supports the stowage
members. The anchor positioning member is removed from
the ventricle. A line interconnecting the anchors is used to
apply force to the anchors and thereby alter the shape of the
ventricle such that the leaflets are repositioned to improve
valve function.

A preferred apparatus for altering the shape of a ventricle
of'a heart includes a catheter configured to be introduced into
a heart chamber through vasculature. The catheter has a sharp
distal end which bores through tissue so as to form a passage
therethrough. The catheter also has a steering member which
steers the sharp distal end through ventricular tissue generally
parallel to inner and outer wall of the ventricle. The steering
member is configured to follow the sharp distal end through
the passage. The sharp distal end is connected to a line detach-
able from the distal end. The line is sized to extend through
the passage such that tension on the line alters the shape of the
ventricle.

A preferred apparatus for altering the shape of a ventricle
of'a heart includes an elongate anchor positioning member. A
plurality of anchor stowage members are disposed serially in
spaced relationship along the anchor positioning member. A
plurality of anchors stowed within respective anchor stowage
members. The anchors are interconnected by a line. The
anchor positioning member is configured to support the
anchor stowage members adjacent to a ventricular wall. An
actuator drives the anchors from the anchor stowage members
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into ventricular tissue while the anchor positioning member
supports the anchor stowage members.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
present tissue remodeling devices and methods are described
in greater detail below with reference to drawings of several
preferred embodiments, which are intended to illustrate, but
not to limit, the present invention. The drawings contain 48
figures.

FIG. 1 is a perspective view of a tissue remodeling system
having certain features, aspects and advantages of the present
invention. The tissue remodeling system of FIG. 1 includes a
catheter assembly including several coaxial catheter bodies.

FIG. 2 is a longitudinal cross-sectional view of a distal end
of the catheter of FIG. 1.

FIGS. 3q and 35 are radial cross-section views of the cath-
eter of FIG. 1 illustrating two alternative cross-sectional
shapes of a delivery catheter of the catheter assembly.

FIG. 4 is a side view of the catheter of FIG. 1 contacting
soft tissue of a patient. The catheter of FIG. 1 includes an
inflatable balloon configured to provide an atraumatic tissue
contact surface.

FIGS. 5a through 5f illustrate the catheter of FIG. 1 at
various positions while being utilized to place tissue anchors
at desired positions in the soft tissue of a patient.

FIGS. 6a and 65 illustrate the tissue anchors and a purse
string being utilized to reduce the cross-sectional dimension
of'a body lumen, such as a blood vessel, for example. FIG. 6a
illustrates the purse string device prior to the reduction of the
cross-sectional dimension of the lumen and FIG. 65 illus-
trates the purse string device having been utilized to draw at
least a portion of the tissue anchors towards one another to
reduce the cross-sectional dimension of the lumen.

FIGS. 7a and 75 illustrate the tissue anchors and purse
string being utilized to close the body lumen, such as a fallo-
pian tube, for example. FIG. 74 illustrates the tissue anchors
and purse string in place within the lumen prior to reduction
of the cross-sectional dimension and FIG. 75 illustrates the
tissue anchors and purse string after the purse string has been
utilized to draw at least a portion of the tissue anchors towards
one another to close the body lumen.

FIGS. 8a through 8¢ illustrate the catheter of FIG. 1 being
utilized to deliver multiple purse string devices within the left
ventricle of a patient’s heart. The multiple purse string
devices may be used to remodel, or reduce the volume, of the
left ventricle to treat, for example, congestive heart failure.
The devices may be used to remodel other heart chambers and
other bodily cavities, as well.

FIG. 9 is a perspective view of one preferred tissue anchor.

FIG. 10 is a side view of the tissue anchor of FIG. 9.

FIG. 11 is a perspective view of a modification of the tissue
anchor of FIGS. 9 and 10. FIG. 11 shows the front, top and a
first side of the tissue anchor in a relaxed or unconstrained
position.

FIG.12isaperspective view of the tissue anchor of FIG. 11
illustrating the front, top and a second side of the tissue
anchor, opposite the side from FIG. 1.

FIG. 13 illustrates the tissue anchor of FIGS. 11 and 12 in
a collapsed or constrained position.

FIG. 14 is another view of the tissue anchor of FIGS. 11 and
12 in the collapsed position and rotated about its longitudinal
axis by approximately ninety degrees from the view of FIG.
13.
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FIG. 15 illustrates a pair of the tissue anchors of FIGS. 11
through 14 implanted within soft tissue of a patient and inter-
connected by a line, such as a suture, for example.

FIGS. 16a and 165 illustrate the catheter of FIG. 1 being
utilized to remodel an aortic valve of a patient’s heart.

FIGS. 17a and 175 illustrate the catheter of FIG. 1 being
utilized to remodel the mitral valve of a patient’s heart. Spe-
cifically, in FIGS. 17a and 175, the catheter is utilized to place
a plurality of tissue anchors interconnected by a purse string
device within a wall of the left ventricle to reposition the
papillary muscles and, thus, the mitral valve leaflets.

FIG. 18 is a cross-sectional view of a heart including an
opening in an internal wall of the heart between the right
atrium and left atrium, which is often referred to as a PFO
(patent foramen ovale).

FIG. 19 illustrates the catheter of FIG. 1 being utilized to
close the PFO of a patient’s heart.

FIGS. 20a and 205 illustrate the catheter of FIG. 1 being
utilized to repair the PFO. FIGS. 20a and 205 are views of the
heart taken along the line 20-20 of FIG. 19.

FIG. 21 is a side view of another tissue remodeling system
having certain features, aspects and advantages of the present
invention. A distal end of the catheter assembly of FIG. 21 is
illustrated in cross-section to reveal multiple delivery tubes
within the guide catheter of FIG. 21.

FIG. 22 illustrates the distal end of the catheter assembly of
FIG. 21 with the pre-curved delivery catheters deployed from
the guide catheter.

FIG. 23 illustrates the distal end of the catheter of FIG. 21
with the delivery catheters deployed from the guide catheter
and tissue anchors deployed from each of the delivery cath-
eters. A line, such as a suture, interconnects each of the tissue
anchors.

FIG. 24 is an enlarged view of a preferred embodiment of
a tissue anchor within a delivery catheter of the catheter
assembly of FIG. 21.

FIG. 25 illustrates the tissue anchor of FIG. 24 deployed
from the delivery catheter.

FIGS. 26a through 26e illustrate the catheter of FIG. 21
being utilized to remodel an aortic valve of a patient’s heart.

FIG. 27 is a perspective view of another preferred tissue
remodeling system including a catheter assembly having cer-
tain features, aspects and advantages of the present invention.

FIG. 28 is a longitudinal cross-sectional view of a distal
end of the catheter of FIG. 27 illustrating a tissue anchor
delivery catheter within a guide catheter.

FIG. 29 is an end view of a distal end of the guide catheter
of FIG. 28.

FIG. 30 illustrates the catheter of FIG. 27 being utilized to
deliver tissue anchors into soft tissue of a patient.

FIG. 31 is a perspective view of a preferred system for
remodeling soft tissue of a patient including a catheter assem-
bly. The catheter assembly includes a linear coil purse string
device.

FIG. 32 is an enlarged view of the linear coil purse string
device.

FIG. 33 illustrates the linear coil purse string device with
multiple tissue anchors deployed therefrom.

FIG. 34 is an enlarged view of a tissue anchor stowage
device carried by the linear coil purse string device.

FIG. 35 illustrates a deployment mechanism configured to
deploy the tissue anchors from the tissue anchors stowage
devices.

FIG. 36 illustrates a tissue anchor being deployed from the
tissue anchor stowage device. In addition, FIG. 36 illustrates
a support rod which is configured to hold the tissue anchor
stowage devices at a desired position relative to one another
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prior to deployment of the tissue anchors. The support rod
preferably is removed once the anchors are deployed to per-
mit the linear coil purse string device to contract and thereby
remodel soft tissue.

FIG. 37 is a vertical cross-sectional view of a patient’s
heart illustrating a preferred path of access to the left ventricle
from the right ventricle and through the septal wall.

FIG. 38 is a horizontal cross-sectional view of the heart
illustrating the preferred access path of FIG. 37.

FIGS. 39qa through 39/ illustrate the catheter of FIG. 1
being used to deliver a purse string device, which includes a
plurality of tissue anchors, to remodel the left ventricle of a
patient’s heart.

FIGS. 40a through 40/ illustrate a preferred method of
deployment of multiple tissue anchors interconnected by a
line, such as a suture, within the left ventricle of a patient.
Preferably, the tissue anchors and suture are deployed with
the system of FIGS. 27-29.

FIGS. 41a and 41 b illustrate a preferred method of utilizing
alinear coil purse string device to remodel the left ventricle of
a heart.

FIG. 42a illustrates another preferred arrangement of mul-
tiple purse strings within the left ventricle, wherein the purse
string rows originate from a common point and are inclined
relative to one another. FIG. 424 illustrates a first arrangement
of multiple purse strings within the left ventricle wherein the
purse string rows are oriented generally parallel to one
another.

FIG. 43 is a perspective view of another tissue remodeling
system including a catheter assembly having certain features,
aspects and advantages of the present invention. The catheter
assembly of FIG. 43 includes multiple co-axial components.

FIG. 44 illustrates a tissue tunneling member of the cath-
eter assembly of FIG. 43.

FIG. 45 illustrates a steering catheter of the catheter assem-
bly of FIG. 43.

FIG. 46 illustrates a guide catheter of the catheter assembly
of FIG. 43.

FIG. 47 illustrates a preferred path of deployment of the
system of the catheter of FIG. 43.

FIGS. 48a through 48/ illustrate the system of FIG. 43
being utilized to place a suture within a passage through the
myocardial wall surrounding the left ventricle of a patient’s
heart.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present tissue remodeling
system facilitate remodeling, tissue joining, or tying of soft
tissue preferably in a percutaneous manner utilizing a cath-
eter. In certain preferred arrangements, the system permits a
remodeling of the left ventricle of a heart to reduce the volume
of the ventricle or reposition papillary muscles. In addition,
the preferred systems may be utilized to remodel valve struc-
tures, such as the aortic or mitral valves of the heart. Certain
systems and methods disclosed herein may be well-suited to
treat Ischemic Mitral Regurgitation (IMR), for example. Fur-
ther, preferred embodiments may be utilized to reduce the
cross-sectional area of body cavities or lumens, or completely
close body cavities or lumens. Preferred methods for remod-
eling soft tissue are also disclosed.

Preferably, the preferred embodiments permit soft tissue
remodeling while avoiding the disadvantages of more inva-
sive procedures and the complications that may occur as a
result of such procedures. The preferred embodiments and
methods may also permit tissue remodeling in patients that
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are otherwise unable to undergo conventional surgical proce-
dures. Preferred embodiments of the present system permit
the duplication of the results of surgical procedures by per-
cutaneous transvascular techniques using catheter-based
devices. In addition, the preferred embodiments and methods
disclosed herein maybe modified or adopted for use in the
remodeling of soft tissue other than the heart or body lumens.
Preferably, the methods described herein are accomplished
with a suitable imaging technique, or techniques, such as
transesophageal echocardiogram (TEE), angiographic fluo-
roscopy or cineangiographic guidance, for example.

FIGS. 1-3 illustrate a tissue remodeling system having
certain features, aspects and advantages of the present inven-
tion and is generally referred to by the reference numeral 50.
The illustrated system 50 includes a catheter assembly 52,
which preferably includes multiple catheters, or catheter bod-
ies. For simplicity, both the overall catheter assembly 52 and
the individual catheter bodies that make up the catheter
assembly 52 may be referred to herein by the term “catheter.”
Furthermore, the catheter 52 may include other components
as well, such as tissue anchors, for example. Preferably, the
catheter 52 is sized, shaped and otherwise configured to be
movable within a patient’s vasculature to a desired remodel-
ing site from a desired insertion site. In some arrangements,
the insertion site may be the femoral artery, for example.
However, other suitable insertion sites may also be used.

Preferably, the catheter 52 includes multiple components
that are coaxial with one another and are capable of telescopic
movement relative to one another. In the illustrated arrange-
ment, the catheter assembly 52 includes a guide catheter 54.
A delivery catheter 56 is configured to be received within the
guide catheter 54 and is movable relative to the guide catheter
54. A tissue piercing or penetrating member, such as a needle
58, is received within, and is movable relative to, the delivery
catheter 56, as shown in FIG. 2. A pushing mechanism, such
as a push rod 60, is received within, and movable relative to,
the needle 58 and may be used to deploy tissue anchors 62
(FIG. 2) from the needle 58, as is described in greater below.
A line, such as a suture 64, extends through the needle 58,
interconnects the anchors 62 and extends back through the
delivery catheter 56 such that both ends 64a and 645 of the
suture 64 are external of the proximal end of the catheter
assembly 52.

The individual components of the catheter assembly 52
may be constructed from any suitable material(s) using any
suitable fabrication techniques, such as those commonly
known and used in the medical device industry. For example,
the guide catheter 54 and delivery catheter 56 maybe con-
structed from a suitable polymeric material, such as polyeth-
ylene, polyurethane, silicon, or polytetraflouroethylene, for
example. The catheters 54 and 56 may be constructed by an
extrusion process; however, other suitable materials and/or
suitable processes may be used. The needle 58 and push rod
60 preferably are constructed from a metal material suitable
for use in medical applications, such as stainless steel or a
shape-memory material, for example. However, other suit-
able materials and/or suitable fabrication processes may also
be used.

As described above, the guide catheter 54 preferably is
configured to be introduced to the patient’s vasculature at an
introduction site and guided through the vasculature through
the desired working site, such as the heart, for example. Thus,
preferably, the guide catheter 54 is of a sufficient length such
that the distal end of the catheter 54 may reach the desired
work site while the proximal end of the catheter 54 remains
external of the patient. The guide catheter 54 may have an
outer diameter of about 26 F (French) and an inner (lumen)
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diameter of about 22 F. However, other dimensions may be
employed depending on the specific use of the catheter 54, as
will be appreciated by one of skill in the art.

Preferably, the guide catheter 54 is configured to be steer-
able to permit the catheter 54 to be guided through vascula-
ture to the desired work site or to be steerable once at the work
site. For example, a deflection wire (not shown) may be
connected to a distal end of the guide catheter 54 and extend
within a wall of the catheter 54 to a proximal end of the
catheter 54 where it is connected to a control knob 66. Thus,
the control knob 66 permits the user to selectively push or pull
the deflection wire to deflect the distal end of the guide cath-
eter 54. Deflection of the distal end of the guide catheter 54
assists a user in routing the catheter 54 through the vascula-
ture of a patient in a desired path or position the distal end of
the catheter 54 once at the work site. Such a system is dis-
closed in greater detail in the applicant’s co-pending U.S.
patent application Ser. No. 11/059,866, filed Feb. 17, 2005
and entitled “Catheter Based Tissue Remodeling Devices and
Methods,” the entirety of which is incorporated by reference
herein. Alternatively, other suitable steering arrangements or
positioning methods of the guide catheter 54 may be
employed. In one arrangement, the guide catheter 54 may be
configured to slide over a previously placed guide wire (not
shown) or may be passed through a previously placed cath-
eter.

Preferably, the distal end of the guide catheter 54 is con-
figured to be atraumatic to the patient and, in particular, to the
tissue proximate the work site. In the illustrated arrangement,
the distal tip of the guide catheter 54 carries an inflatable,
preferably annular balloon 68. Preferably, the balloon 68 is
normally carried by the guide catheter 54 in an uninflated
condition so as not to interfere with the passage of the catheter
54 through a patient’s vasculature. Once in place at or near the
work site, the balloon 68 may be inflated such that a distal end
of the balloon 68 contacts the patient’s soft tissue to help
stabilize the catheter 54 and inhibit the distal tip of the cath-
eter 54 from damaging tissue. Preferably, the balloon 68, inan
inflated condition, extends beyond an end surface of the distal
end of the catheter 54 to create a space 70 between the distal
end of the catheter 54 and the tissue 72, as illustrated in FIG.
4.

The balloon 68 may be constructed from any suitable mate-
rial, such as silicon, urethane, Pebax, polyimide and multi-
layered polymers, for example. The balloon 68 may be
inflated by a suitable fluid, including liquid or gas. Preferably,
a passage (not shown) extends from a proximal end of the
catheter 54 to an internal space of the balloon 68 so that an
inflation fluid may be introduced into the balloon 68 from the
proximal end of the catheter 54. The passage may be defined
within the body of the catheter 54 or may be formed by a
separate element of the catheter assembly 52.

Desirably, the catheter assembly 52 also includes a system
for creating a vacuum within the space 70 bounded by the
balloon 68. The catheter assembly 52 includes a conduit, or
tube 74, which is configured to be connectable to a vacuum
pump (not shown). The tube 74 communicates with a passage
preferably within the catheter body of the catheter 54 (not
shown) which, in turn, communicates with the space 70.
Thus, the vacuum pump may be operated to produce a
vacuum condition within the space 70 to assist in securing the
distal end of the catheter 54 at a desired location on the
patient’s tissue 72. Alternatively, the vacuum passage may be
created by acomponent of the catheter assembly 52 other than
the guide catheter 54.

As described above, the delivery catheter 56 is configured
to reside within the guide catheter 54 and is capable of move-
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ment within the guide catheter 54. The delivery catheter 56
may have an outer diameter of about 18 F and an inner
(lumen) diameter of about 13 F. However, other dimensions
may be selected to suit a desired application of the catheter 56.
The delivery catheter 56 may be constructed of any suitable
material or combination of materials, such as polyethylene,
polyurethane, silicone or polytetraflouroethylene, for
example. Desirably, a proximal end of the catheter 56
includes a handle 76, or hub, which permits a user to grasp
and manipulate the catheter 56.

With reference to FIGS. 3a and 35, the delivery catheter 56
may take on any suitable cross-sectional shape. As described
above, the delivery catheter 56 is configured to receive the
needle 58. In addition, desirably, a length of the suture 64
extends through the delivery catheter 56 external of the needle
58. To accommodate both the needle 58 and the suture 64,
preferably the lumen of the catheter 56 defines a generally
circular space 78 to accommodate the needle 58 and an addi-
tional space 80 configured to accommodate the suture 64
adjacent the space 78. As illustrated in FIG. 3a, in one
arrangement, the space 80 may be connected to the space 78
or, as illustrated in FIG. 34, the space 80 may be defined by a
separate lumen of the catheter 56.

The needle 58 preferably is configured to stow the tissue
anchors 62 and a portion of the suture 64 and facilitate the
deployment of the tissue anchors 62 and suture 64. Similar to
the delivery catheter 56, the needle 58 preferably includes a
handle, or hub 82, at its proximal end to permit a user to
manipulate the needle 58. Furthermore, preferably, a distal tip
84 of the needle 58 is beveled to facilitate tissue penetration.
In one preferred arrangement, the needle 58 is constructed
from a shape-memory material, such as Nitinol, for example,
to provide a beneficial degree of flexibility. However, other
suitable materials may also be used, such as stainless steel, for
example. Further, the needle 58 could be of a composite
construction to permit the optimization of certain character-
istics, such as needle penetration and shaft flexibility, for
example. The hub 82 may be constructed from a plastic or
metal material, for example, through any suitable process,
such as molding or machining.

The suture 64 may also be constructed of any suitable
material. For example, preferably the material is non-bioab-
sorbable. However, in certain arrangements, the suture 64
may be constructed from a bioabsorbable material, if desired.
Further, the material may be monofilament or multifilament,
single strand or braided and a natural material or a synthetic
material. Suitable materials may include Polyglactin (e.g.,
coated vicryl), Polydioxanone (PDS), Polyamide or Nylon
(e.g., ETHILON), Polyester (DACRON) or Polypropylene
(PROLENE), among others.

FIGS. 5a-5f1llustrate a preferred method of using the sys-
tem 50 to deliver tissue anchors that are interconnected by a
line, such as the suture 64, to the soft tissue 72 of a patient. In
FIGS. 5a-5f, the guide catheter 54 has been omitted for the
purpose of clarity. However, preferably the guide catheter 54
is placed against the tissue 72 as described above with refer-
ence to FI1G. 4.

FIG. Sa illustrates the needle 58 in suture 64 stowed within
the delivery catheter 56. Accordingly, the needle 58 and
suture 64 do not protrude from a distal end of the delivery
catheter 56. FIG. 54 illustrates the delivery catheter spaced a
slight distance from the soft tissue 72 of the patient. The
needle 58 is advanced from the delivery catheter 56 and
carries the suture 64 with it. In FIG. 5¢, the delivery catheter
56 is advanced until it contacts the tissue 72. In addition, the
needle 58 is advanced through the tissue 72, bringing the
suture 64 along with it. The movement of the delivery catheter



US 9,107,658 B2

11

56 into contact with the tissue 72 and the movement of the
needle 58 through the tissue 72 maybe performed in any
order, or simultaneously, if desired.

In FIG. 54, the tissue anchor 62 is illustrated in the process
of'being deployed from the needle 58. As is shown in FIG. 54,
the suture 64 extends through an eyelet 62a of the tissue
anchor 62. Although not illustrated, preferably the tissue
anchor 62 is deployed from an end of the needle 58 due to the
advancement of the push rod 60. Specifically, the push rod 60
may be used to exert a pushing force on the proximal most
tissue anchor 62, which is transferred through the stack of
tissue anchors 62 within the needle 58 to deploy the distal
most tissue anchor 62.

Once deployed, preferably the tissue anchor 62 is posi-
tioned on the opposite side of the tissue 72 from the delivery
catheter 56 and the suture 64 extends through the hole in the
tissue 72 created by the passage of the needle 58 through the
tissue 72. Thus, when tension is applied to the suture 64, the
tissue anchor contacts the surface of the tissue 72 opposite the
catheter 52, which may be the outside surface of the heart
chamber or vessel, for example. However, in other arrange-
ments, the tissue anchor may be configured to reside within
the tissue 72 and, accordingly, the delivery catheter 58 may
not be passed completely through the tissue 72 before the
anchor is deployed.

Asillustrated in FIG. 5e, once the tissue anchor 62 has been
deployed, the needle 58 may be retracted into the delivery
catheter 56. Both the needle 58 and delivery catheter 56 may
be retracted within the guide catheter 54 and away from the
tissue 72.

With reference to FIG. 5f, preferably, the catheter 52 is
moved along the tissue a desired distance D from the first
tissue anchor 62 and another tissue anchor 62 is deployed,
preferably by the same or a similar method. This process is
repeated until a desired number of tissue anchor 62 have been
deployed. The distance D may be modified as desired to suit
an individual application. For example, for remodeling a
lumen, preferably the distance D is adjusted such that prefer-
ably at least three and, more preferably, about 3 to 10 tissue
anchors 62 may be implanted.

FIGS. 6a and 65 illustrate multiple tissue anchors 62 inter-
connected by a line, such as the suture 64, which may be
utilized to reduce the cross-sectional dimension of a tissue
wall 90 that defines a cavity or lumen 92. As illustrated, the
tissue anchors 62 are positioned at desired space locations
around the circumference of the tissue wall 90 and intercon-
nected by the suture 64. With such an arrangement, desirably,
very little foreign material is placed across the lumen such
that blood flow is left relatively or substantially completely
undisturbed.

Preferably, the tissue anchors 62 are generally positioned
within a single plane. However, other suture placement ori-
entations may also be used. Tension may be applied to one or
both of the ends 64a, 645 of the suture 64 to draw the tissue
anchors 62 towards one another. As a result, the cross-sec-
tional dimension ofthe tissue wall 90 is reduced, as illustrated
in FIG. 64. The suture ends 64a, 646 may then be secured
together to secure the tissue wall 90 in a reduced configura-
tion. For example, in one arrangement, the ends 64a and 645
may be tied in a knot 94. The knot 94 may be created outside
of the catheter 52 and advanced through the catheter by any
suitable method, such as by a conventional knot pusher or
other suitable instrument, for example. Alternatively, the ends
64a, 645 may be secured to one another by a suitable connec-
tor.

FIGS. 7a and 75 illustrate a plurality of tissue anchors 62
interconnected by a suture 64 and used to fold tissue or, more
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specifically in the illustrated arrangement, to collapse a wall
of tissue 96 which defines a cavity or lumen 98 and, thus,
reduce or close the lumen 98. In FIGS. 7a and 75, instead of
being placed sequentially around the circumference of the
tissue wall 96, the tissue anchors 62 are placed in a non-serial
manner. Preferably, the tissue anchors 62 are positioned gen-
erally across the tissue wall 96 from the previously placed
tissue anchor 62 and, in some cases, even directly across from
one another such that the suture 64 extends across the lumen
or cavity 98. Accordingly, when one or both of the ends 64a,
645 of the suture 64 are pulled, the tissue wall 96 is collapsed
onto itself. In a similar manner to that described above, the
suture ends 62a, 625 may be secured to one another, such as
by a knot 94, for example. Such a method is well-suited for
tubal ligation, such as closing a fallopian tube, for example.

FIGS. 8a-8¢ illustrate the system 50 being utilized to
reduce the volume of the left ventricle LV of a patient’s heart
H. In the illustrated arrangement, multiple rows of tissue
anchors 62 are positioned within the wall 100 of the heart H
surrounding the left ventricle LV. Preferably, each row of
tissue anchors 62 includes its own suture 64 and, thus, each
suture row may be tightened to a desired cross-sectional
dimension separate from the other rows of tissue anchors 62.
The tissue anchors 62 may be configured to be passed com-
pletely through the wall 100 to contact an external surface of
the wall 100 or may be embedded within the tissue wall 100,
as desired or necessitated by the tissue structure being remod-
eled. Such an arrangement provides essentially an internal
basket structure, which preferably is delivered by a percuta-
neous transvascular approach, thus providing the benefits ofa
conventional compression device while avoiding the disad-
vantages of a conventional surgical procedure. The rows of
implanted sutures 64 preferably limit a maximum expanded
dimension of the ventricle LV, but do not limit compression.
Adjustment of the suture tension or length, and thus the
maximum dimension, may be based on feedback from the
ejection fraction measurement of the ventricle, for example.

FIGS. 9 and 10 illustrate a preferred embodiment of a
tissue anchor 62 that may be used in the system 50 described
above, or the other systems described herein. In the illustrated
arrangement, the tissue anchor 62 is constructed from a gen-
erally tubular element. A semi-cylindrical section of the tubu-
lar element is removed from each end, leaving an intermedi-
ate portion of the tissue anchor 62 defining an annular loop.
The intermediate section of the tissue anchor 62 thus forms an
eyelet 102 of the tissue anchor 62. Accordingly, the suture 64
may be passed through the eyelet 102, with the portions of the
tissue anchor 62, on either side of the eyelet 102 configured to
contact the soft tissue and prevent the tissue anchor 62 from
being pulled through the passage in the tissue through which
it was passed.

FIGS. 11-14 illustrate another preferred embodiment of a
tissue anchor, generally referred to by the reference numeral
104. FIGS. 11 and 12 illustrate the tissue anchor 104 in an
expanded configuration, while FIGS. 13 and 14 illustrate the
tissue anchor 104 in a collapsed position. With reference to
FIG. 13, the tissue anchor 104 preferably is constructed from
a tubular element that includes a first slot 106 which extends
from a first end of the element toward an intermediate portion
of the element and generally bisects the tubular element.
Preferably, the slot 106 extends about one-half the length of
the tissue anchor 104 and, preferably, is aligned with the
central axis of the tissue anchor 104.

With reference to FIG. 14, preferably a second slot 108
extends from a second end of the tissue anchor 104 preferably
substantially the entire length of the tissue anchor 104 but
terminates prior to the end of the tissue anchor 104 to leave a
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portion of material 110 at the first end of the tissue anchor
104. Preferably, the slot 108 is rotated on the tubular element
from the slot 106 and, preferably, is located approximately 90
degrees about the central axis of the tissue anchor 104 from
the slot 106. Furthermore, preferably the slot 108 passes only
once through the wall of the tubular element.

Desirably, the tissue anchor 104 is constructed from a
super-elastic, or shape-memory material, such as Nitinol, for
example. However, other suitable materials may be used.
Preferably, the tissue anchor 104 is heat set in the expanded
position as illustrated in FIGS. 11 and 12, wherein a portion of
the tubular element on one side of the slot 106 is bent away
from the portion of the other side of the slot 106 until it is
generally perpendicular to the remainder of the tubular ele-
ment. Accordingly, in the absence of a biasing force, the
tissue anchor 104 tends to assume the orientation shown in
FIGS. 11 and 12. Preferably, the portion that is bent includes
the slot 108 such that the slot 108 may function as an eyelet of
the tissue anchor 104.

Preferably, the tissue anchor 104 may be constrained, such
as by the needle 58, into the orientation illustrated in FIGS. 13
and 14, or a collapsed orientation, so that the tissue anchors
104 may be delivered through tissue 72. As illustrated in FIG.
15, the tissue anchors 104 may be deployed in a similar
manner to the tissue anchor 62 described above. However,
once deployed, preferably the bent portion of the tissue
anchor 104 including the slot 108 extends partially or com-
pletely through the tissue 72. Furthermore, the suture 64 may
be passed through the slot 108 such that, when tension is
applied to the suture 64, the tissue anchor 104 applies a force
to the surface of the tissue 72 opposite the suture 64. With
such an arrangement, adjustment of the suture 64 will likely
beless affected by friction in comparison to the tissue anchors
described above because the suture 64 does not pass through
tissue.

The above-described system 50 maybe utilized for a num-
ber of tissue remodeling applications. For example, with ref-
erence to FIGS. 164 and 165, the system 50 may be utilized to
remodel the aortic valve AV of a patient’s heart H. That is, the
catheter 52 may be used to place a number of tissue anchors
62 (or 104) within the aorta A and, preferably, at a location
adjacent to the aortic valve AV. In the illustrated method, the
guide catheter 54 may be omitted from the catheter assembly
52 and the delivery catheter 56 may be steerable. As described
above, the tissue anchors 62 may be interconnected with a
line, such as suture 64. Tension applied to the suture 64 draws
the tissue anchors 62 towards one another to reduce the cross-
sectional dimension of the aorta A. Accordingly, the leaflets
of the aortic valve AV may be remodeled and, preferably,
brought towards one another to reduce regurgitation through
the valve AV. In the illustrated arrangement, the tissue anchors
62 are disposed on a downstream side of the valve AV. In
addition, although only one row of tissue anchors 62 are
illustrated, additional rows may be provided.

With reference to FIGS. 17a and 175, the system 50 also
may be utilized to remodel the left ventricle LV to improve the
function of the mitral valve MV. For example, a plurality of
tissue anchors 62 (or 104) may be positioned in a row in a
generally circular manner proximate the papillary muscles
PM, which are connected to the leaflets of the mitral valve
MV. The tissue anchors 62 may be interconnected by a line,
such as the suture 64, and tension applied to the suture 64 to
draw the tissue anchors 62 towards one another. As a result,
the papillary muscles PM may be drawn toward one another
so that the leaflets of the mitral valve move toward one
another, preferably until the leaflets properly coapt to reduce
or eliminate regurgitation.
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With reference to FIGS. 18-20, the system 50 may be
utilized to repair a defect, or hole, within a patient’s heart H.
With reference to FIG. 18, a septal defect S, such as a patent
foramen ovale (PFO), is illustrated in a heart H and, generally,
is ahole in the septal wall between the right atrium RA and the
left atrium LA. FIG. 19 illustrates the system 50 being used to
place a plurality of tissue anchors 62 around the septal defect
S.FIGS. 204 and 205 illustrate another view of the system 50
being utilized to close the septal defect S before and after
tightening of the suture 64, respectively.

FIGS. 21-25 illustrate another system having certain fea-
tures, aspects, and advantages of the present invention and
generally referred to by the reference numeral 150. Similar to
the system 50 described above, the system 150 is configured
to deliver a plurality of tissue anchors to soft tissue of a
patient. The tissue anchors preferably are interconnected by a
line, such as a suture. However, rather than deploying the
tissue anchors one at a time, preferably the system 150 is
configured to deliver a plurality of tissue anchors simulta-
neously or substantially simultaneously.

The system 150 includes a catheter assembly 152, which
preferably includes a guide catheter 154 and plurality of
delivery tubes 156. The delivery tubes 156 are movable
within the guide catheter 154 from a stowed position (FIG.
21) to a deployed position (FIGS. 22 and 23). Each of the
delivery tubes 156 function in a manner similar to the delivery
catheter 56 described above, or the other delivery catheters
described herein. Thus, the collection of deliver tubes 156
essentially function as a plurality of delivery catheters, but
preferably are sized such that multiple tubes 156 may be
carried within the guide catheter 154. Preferably, each deliv-
ery tube 156 stows a tissue anchor 158. The tissue anchors
158 preferably are interconnected by a line, such as a suture
160.

Desirably, the guide catheter 154 is substantially similar to
the guide catheter 54 of FIGS. 1-3. A proximal end of the
guide catheter 154 defines a handle portion, or hub 162, which
permits a user of the system 150 to manipulate the guide
catheter 154. The guide catheter 154 may also be steerable in
a manner similar to that described above in connection with
the guide catheter 54 or by any other suitable arrangement.
Preferably, the guide catheter 154 is sized such that the lumen
is capable of accommodating a desired number of delivery
tubes 156. In one arrangement, the guide catheter 154 may
have a lumen diameter of about 20 to 24 F. However, other
suitable dimensions are also possible, depending on the spe-
cific application or number of delivery tubes 156 desired. In
one arrangement, preferably between about 3 and 18 delivery
tubes 156 are provided. More preferably, between about 8 and
12 delivery tubes 156 are provided for applications involving
remodeling of the aortic valve AV. The guide catheter 154
may be constructed of any suitable material(s), such as those
described above. If desired, the guide catheter 154 could
include a braided material, or be otherwise manipulated, to
increase axial or radial stiffness.

Preferably, the delivery tubes 156 are movable within the
guide catheter 154. The delivery tubes 156 are secured to a
proximal handle, or hub 164, which permits a user of the
system 150 to move the plurality of delivery tubes 156 in an
axial direction relative to the guide catheter 154 substantially
simultaneously. Preferably, the delivery tubes 156 extend
through the guide catheter 154 and are interconnected at the
hub 164. However, in an alternative arrangement, the delivery
tubes 156 may be coupled to the hub 164 by an intermediate
component or components.

Desirably, each of the delivery tubes 156 has a curved distal
end 166 when deployed from the guide catheter 154. The
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curved distal end 166 extends radially outward from a longi-
tudinal axis of the guide catheter 154 preferably such that the
distal end surfaces of the delivery catheters face in a direction
generally perpendicular to the longitudinal axis of the guide
catheter 154. Preferably, the curved distal ends 166 are pre-
shaped such that the distal ends 166 of the delivery tubes 156
tend to move toward their curved configuration when no
restraining force is present. When stowed within the guide
catheter 154, the distal ends 166 of the delivery tubes 156 are
restrained in a generally linear configuration and move to the
precurved configuration when the delivery tubes 156 are
deployed from the guide catheter 154. Preferably, the delivery
tubes 156 are constructed of a super-elastic or shape-memory
material that is manipulated to have the desired curvature at
the distal end 166, as will be appreciated by one of skill in the
art.

The distal ends 166 of the delivery tubes 156 are configured
to stow at least one tissue anchor 158. In the illustrated
arrangement, each of the distal ends 166 of the delivery tubes
156 include a slot 168 extending in an axial direction along
the delivery tube 156. The slot 168 accommodates the suture
160 in interconnecting the tissue anchors 158 while in their
stowed position within the delivery tubes 156. However, in
other arrangements, the slots 168 may be omitted and the
suture 160 may enter through the distal end of the lumen of
the delivery tubes 156. Further, multiple tissue anchors 158
may be provided, if desired.

FIGS. 24 and 25 illustrate one preferred tissue anchor 158
in stowed and deployed orientations, respectively. Desirably,
the tissue anchor 158 includes an eyelet 170 at its proximal
end and a pair of barbs 172 at its distal end. Preferably, the
barbs 172 converge into a sharp tip 174 that permits the tissue
anchor 158 to penetrate soft tissue. Once the tissue anchor
158 is advanced into soft tissue, the barbs 172 inhibit with-
drawal of the tissue anchor 158 in response to a pulling force
applied the tissue anchor 158. Desirably, the tissue anchor
158 is also constructed from a shape-memory material to
provide elasticity to the tissue anchors 158. Accordingly,
tissue anchors 158 may assume the precurved shape of the
distal ends 166 of the delivery tubes 156. Furthermore, the
barbs 172 may be configured to expand outwardly when the
tissue anchor 158 is deployed from the delivery tube 156 to
enhance the tissue anchor’s 158 resistance to removal, as
illustrated in FIG. 25. The barbs 172 may be held in a
restrained position within the delivery tube 156 prior to
deployment, as shown in FIG. 24.

Desirably, a deployment device, such as a pushrod 176, is
positioned within each delivery tube 156 proximal of the
tissue anchor 158. Desirably, a handle, or hub 178 is coupled
to each pushrod 176 such that the pushrods 176 are advanced
within the delivery tubes 156 when a pushing force is applied
to the hub 178. Accordingly, the hub 178 may be pushed to
advance the push rods 176 which, in turn, push the tissue
anchors 158 to deploy them from the delivery tubes 156.
Because the pushrods 176 are interconnected with the hub
178, the deployment of the tissue anchors 158 occurs sub-
stantially simultaneously. However, in alternative arrange-
ments, the tissue anchors 158 may be deployable indepen-
dently of one another.

FIGS. 26a-26f illustrate the system 150 being utilized to
remodel an aortic valve AV to treat aortic insufficiency. Aortic
insufficiency or regurgitation is a heart valve disease in which
the aortic valve weakens or balloons, preventing the valve
leaflets from closing tightly. This typically leads to backward
flow of blood from the aorta A into the left ventricle LV. Over
time, this condition could result in heart failure. Although the
system 150 is advantageously well suited for treatment of
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aortic insufficiency, it can be used in, or adapted for use in,
other remodeling applications as well.

Similar to the system 50, the catheter 152 preferably is
advanced through the patient’s vasculature to a position
downstream from the aortic valve AV, as shown in FIG. 26a.
Once the catheter 152 is properly positioned, the delivery
tubes 156 may be deployed from the guide catheter 154 by
advancement of the hub 164. As the delivery tubes 156 are
advanced from the guide catheter 154, they assume their
pre-curved shape of the distal ends 166 and move toward the
wall of the aorta A. Preferably, the delivery tubes 156 are
advanced until they pass through the wall of the aorta A, as
illustrated in FIG. 265. However, in some arrangements, the
tissue anchors 158 may be configured to reside within the wall
of'the aorta A and, thus, the delivery tubes 156 may not pass
completely through the aorta A. Advantageously, with the
system 150, the tissue anchors 158 are disposed at a distal-
most end of the catheter 152. That is, preferably no portion of
the catheter 152 extends beyond the general position of the
tissue anchors 158. Accordingly, the tissue anchors 158 may
be deployed in close proximity to the valve AV (or other
obstructing object) in comparison to devices that deliver
anchors proximal of the distal-most end of the device.

Once the delivery tubes 156 are positioned, the tissue
anchors 158 may be deployed from the delivery tubes 156 by
advancement of the hub 178, as illustrated in FIG. 26¢. The
pushrods 176 and delivery tubes 156 may be retracted by
retraction of the hubs 164 and 178, leaving the tissue anchors
158 disposed within the tissue of the aorta A, as illustrated in
FIG. 26d. As described above, the suture 160 interconnects
the tissue anchors 158 and tension may be applied to one or
both of the suture ends 1604, 1605 to move the tissue anchors
1504 toward one another and reduce the cross-sectional
dimension of the aorta A to achieve the desired remodeling of
the aortic valve AV. Preferably, the suture is tightened until the
leaflets of the aortic valve AV coapt to inhibit or prevent
regurgitation, as illustrated in FIG. 26e.

FIGS. 27-30 illustrate another preferred system 200, which
is configured to deploy tissue anchors into soft tissue of a
patient. The illustrated system 200 includes a catheter assem-
bly 202. The catheter assembly 202 preferably includes a
guide catheter 204, a delivery catheter 206, and a tissue
anchor deployment member, such as a pushrod 208. The
guide catheter 204, delivery catheter 206 and pushrod 208 are
assembled coaxially and are movable relative to one another,
in a manner similar to the systems described above.

A proximal end of the guide catheter 204 defines a handle,
or hub 210. A distal end of the guide catheter 204 preferably
is adapted to receive a guide wire 212 (FIG. 30) which may be
used to assist in directing the catheter 202, as is described in
greater detail below. Specifically, a distal end of the guide
catheter 204 includes an enlarged portion 214 that defines a
passage 216, which extends in a direction generally parallel to
a longitudinal axis of the guide catheter 204 and to the main
lumen of the guide catheter 217. The passage 216 is config-
ured to receive the guide wire 212 so that the guide catheter
204 may be advanced or retracted along the guide wire 212. In
the illustrated arrangement, the enlarged portion and the pas-
sage 216 extends along only a portion of the distal end of the
guide catheter 204, such as about 4 to 5 cm in one arrange-
ment to provide for a quick set-up. However, in other arrange-
ments, the passage 216 may extend for other distances, may
extend the entire length of the guide catheter 204 or may be
divided into a plurality of intermittent passage sections
extending along a portion or the entire length of the catheter
204.
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The delivery catheter 206 defines a handle, or hub 220 at its
proximal end. The hub 220 permits the delivery catheter 206
to be manipulated by a user of the system 200. A distal end of
the delivery catheter 206 preferably defines a beveled tip 222,
which facilitates piercing of soft tissue. Desirably, the distal
end portion of the delivery catheter 206 is configured to have
apre-set curved shape, as illustrated in FIG. 30. For example,
the entirety or at least the distal end portion of the delivery
catheter 206 may be constructed from a super-elastic or
shape-memory material that is manipulated into a desired
curved shape. Accordingly, the guide catheter 204 may func-
tion to restrain the delivery catheter 206 in a generally linear
configuration while the delivery catheter 206 is stowed within
the guide catheter 204. However, when the distal end portion
of the delivery catheter 206 is deployed from the guide cath-
eter 204, the distal end portion of the delivery catheter 206
tends to move toward its pre-curved shape. With such an
arrangement, the longitudinal axis of the guide catheter 204
may be generally parallel to a surface of the soft tissue 224
and, when deployed, the distal end portion of the delivery
catheter 206 may curve to penetrate the tissue 224 in a direc-
tion generally perpendicular to the longitudinal axis of the
guide catheter 204.

The pushrod 208 preferably is a solid, cylindrical elongate
member which resides within the lumen of the delivery cath-
eter 206. The pushrod 208 is movable within the lumen of the
delivery catheter 206 and is positioned proximal of the tissue
anchors 226. The pushrod 208 is configured to permit a user
of the system 200 to deploy the tissue anchors 226 from the
catheter 202.

Preferably, a plurality of tissue anchors 226 are loaded
within the delivery catheter 206 to be deployed individually
by the pushrod 208. Desirably, the tissue anchors 226 are
interconnected by a line, such as a suture 228. Specifically,
the suture 228 passes through an eyelet 230 of each tissue
anchor and, preferably, is secured to the distal most tissue
anchor 226. The free end of the suture 228 extends through
the delivery catheter 206 and exits a proximal end of the
catheter assembly 202. Tension may be applied to the free end
of the suture 228 to draw the tissue anchors 226 towards one
another after they have been implanted into tissue 224 to
remodel the tissue 224 as desired. Desirably, the distal tip 232
of the tissue anchors 226 include a pair of barbs 234 that
inhibit withdrawal of the tissue anchors 226 from the soft
tissue 224.

FIGS. 31-36 illustrate yet another preferred system 250
which is configured to deploy a plurality of tissue anchors into
soft tissue of a patient. The system 250 includes a catheter
assembly 252. The catheter assembly 252 preferably includes
a guide catheter 254 and a delivery catheter 256. In the illus-
trated arrangement, the guide catheter 254 includes a guide
passage 258, which is configured to receive a guide wire to
permit the guide catheter 254 to be passed over the guide wire,
as is described in greater detail below. Preferably, the guide
passage 258 is similar to the passage 216 of the guide catheter
204, described above.

In addition, desirably, the catheter assembly 252 also
includes an elastic member, or a linear coil purse string device
260, an extension rod 262, and an actuator rod 264. Desirably,
the linear coil purse string device 260 may be housed within
a distal end portion of the guide catheter 254 and is carried by
the delivery catheter 256, which is movable within the guide
catheter 254. In the illustrated arrangement, the linear coil
purse string device 260 is carried outside of the lumen of the
delivery catheter 256. The extension rod 262 and actuator rod
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264 extend through the lumen of the delivery catheter 256 and
interact with the device 260, as is described in greater detail
below.

The linear coil purse string device 260 includes a helically
wound wire 270, having a first end 270a and a second end
2705. The first and second ends 270a, 2705 may comprise end
caps which encapsulate the ends of the coiled wire 270 to
inhibit the wire 270 from damaging tissue. The ends 270a,
2705 may be secured together by a lock nut 271. Specifically,
the ends 270a, 2705 may be received within cavities 271a,
2715 of the lock nut 271, as is described in greater detail
below.

Preferably, the coiled wire 270 is constructed from a super-
elastic or shape-memory material and is expandable from its
relaxed state. However, other stretchable, or elastic, materials
or structures may also be used. The wound length of the
device 260 is configured according to the specific anatomical
structure into which it is designated for implantation. In one
arrangement, the wire diameter preferably is between about
0.002 and 0.015 inches. The inner diameter of the wound coil
(or size of the mandrel on which it may be wound) preferably
is between about 0.010 and 0.125 inches. However, other
suitable dimensions may also be used.

Desirably, a plurality oftissue anchor stowage members, or
capsules 272, are spaced along the coiled wire 270. In one
arrangement, the capsules 272 are positioned about every
centimeter along the device 260. The capsules 272 may be
secured to the coiled wire 270 by any suitable mechanism or
technique, such as swaging, welding or gluing, for example.
Preferably, the capsules 272 are generally cylindrical in shape
and reside within the interior space defined by the coiled wire
270. Each tissue anchor stowage capsule 272 preferably
houses a tissue anchor 274. The tissue anchor 274 is initially
in a stowed orientation within the capsule 272 and is config-
ured to be deployed therefrom, as illustrated in FIG. 34. The
tissue anchor 274 initially resides within a generally cylindri-
cal passage 276 defined by the capsule 272. An exit hole 278
communicates with the passage 276 and opens to an outer
surface of the capsule 272. Desirably, the exit hole 278 is
configured to permit at least a portion of the tissue anchor 274
to be deployed from the capsule 272.

Preferably, the tissue anchor 274 is substantially similar to
the tissue anchors described above, and includes a tissue
penetrating tip 280 and, desirably, a pair of barbs 282. The
barbs 282 inhibit the tissue anchor 274 from withdrawing
from tissue once the tissue anchor 274 has been deployed. The
tissue anchor 274 also includes an enlarged head 284 opposite
the tissue penetrating tip 280. Desirably, the head 284 is sized
and/or shaped such that the head 284 may not pass through the
exit hole 278 and, thus, the tissue anchor 274 remains secured
to the capsule 272 even after deployment.

As described above, the actuator rod 264 extends through
the delivery catheter 256 and through the device 260. A proxi-
mal end of the actuator rod 264 is accessible from external a
proximal end of the guide catheter 254 and delivery catheter
256 so that the actuator rod 264 may be manipulated by a user
of the system 250. Preferably, the actuator rod 264 passes
through a space within the coiled wire of the device 260 and
through the passages 276 of each tissue anchor stowage cap-
sule 272.

The actuator rod 264 includes an enlarged actuation head
266, which is initially positioned distal of the distal most
tissue anchor capsule 272. The actuator head 266 of the actua-
tor rod 264 is configured such that, when the actuator rod 264
is retracted, the actuator head 266 contacts the head 284 of
tissue anchor 274 and pushes the tip 280 of the tissue anchor
274 through the exit hole 278. Preferably, the head 284 of the
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tissue anchor 274 moves into the exit hole 278 (and out of the
passage 276) a sufficient distance to permit the enlarged head
266 of the actuator rod 264 to pass through the passage 276
and exit the capsule 272. However, preferably, the tissue
anchor 274 is not completely separated from the capsule 272.
The actuator rod 264 may be continued to be retracted to
deploy the tissue anchor 274 of each capsule 272 in a similar
manner.

The extension rod 262 is configured to maintain the linear
coil purse string device 260 in an expanded configuration
relative to its relaxed configuration. That is, the extension rod
262 secures the device 260 in an extended orientation wherein
it is longer than its relaxed orientation. The extension rod 262
passes through the delivery catheter 256 and through the
device 260. A proximal end of the extension rod 262 is acces-
sible external of the proximal end of the catheter assembly
252 so that the extension rod 262 can be manipulated by auser
of the system 250.

The extension rod 262 extends through a passage 290
within each of the tissue anchor stowage capsules 272. Pref-
erably, the passage 290 is generally parallel to the passage
276. Desirably, the extension rod 262 includes a plurality of
steps in which the diameter of the extension rod 262
increases. Each step 292 contacts a proximal end surface of
the capsule 272 to hold each tissue anchor stowage capsule
272 in a desired position relative to each other capsule 272.
Thus, preferably, the extension rod 262 includes an equal
number of steps 292 as capsules 272. Desirably, the spacing
of the steps 292 determines the length of extension of the
device 260. Preferably, the diameter of the extension rod 262
decreases in a direction from the proximal end toward the
distal end such that the extension rod 262 may be retracted
without interference between the steps 292 and the tissue
anchor stowage capsules 272. Thus, once the extension rod
262 is retracted, the linear coil purse string device 260 is
permitted to move from its extended orientation toward its
relaxed orientation and remodel the tissue in which the device
260 is implanted.

The above described systems 200 and 250, as well as the
system 50 of FIGS. 1-3, are particularly well suited for
remodeling the left ventricle of a patient’s heart. In one
method of remodeling the left ventricle, access to the left
ventricle is through a transeptal path. That is, access to the left
ventricle is gained by creating an access passageway through
the septal wall SW between the right ventricle RV and the left
ventricle LV and passing the catheter from the right ventricle
RV, through the septal wall SW, to the left ventricle LV. FIGS.
37 and 38 illustrate one preferred access pathway P for gain-
ing access to the left ventricle LV of a patient’s heart H. Such
an approach advantageously reduces or minimizes the poten-
tial complications of crossing the aortic valve in the case of a
retrograde approach, or crossing the atrial septal and the
mitral valve in the case of an antegrade approach.

FIGS. 39a through 39/ illustrate the system 50 of FIGS.
1-3 being utilized to remodel the left ventricle LV of a
patient’s heart H and reaching the left ventricle LV along an
access path P as shown in FIGS. 37 and 38. As illustrated in
FIG. 39a, the catheter 52 is introduced through vasculature to
the right ventricle. Once in place within the right ventricle RV,
the distal end of the catheter 52 is abutted against the septal
wall SW, preferably near a junction of the septal wall SW and
the outer wall, or anterior wall portion, of the heart H (FIG.
39b). A transeptal device 300 is utilized to create an access
pathway through the septal wall (FIG. 39¢) and the catheter
52 is advanced through the passageway (FIG. 394d). Prefer-
ably, the transeptal device 300 is a conventional device known
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in the art for creating a transeptal passageway, such as a
Mullins sheath, for example. However, other suitable devices
or methods may also be used.

The catheter 52 is then advanced toward a desired tissue
location within the left ventricle LV, such as a junction
between the septal wall SW and the external wall of the heart
H opposite the access pathway, as illustrated in FIG. 39e.
Tissue anchors 302, which may be of any suitable construc-
tion, such as one of the various constructions described
above, are introduced at desired spaced locations preferably
in a semi-circular pattern within the external wall of the heart
H (FIG. 39f). Desirably, when used in this method, one end of
the suture 64 is secured to the first tissue anchor 302. Once the
tissue anchors 302 have been positioned, preferably the free
end of the suture 64 is passed through the access passageway
within the septal wall SW and pulled tight to draw the tissue
anchors 302 towards one another to remodel the left ventricle
LV, as illustrated in FIG. 39g.

A retaining structure, such as a knot 304, can then be
created in the suture 64 within the right ventricle RV to abut
the septal wall SW to secure the tissue anchors 302 in the
desired spacing to maintain the remodeling of the left ven-
tricle LV. As described above, the knot 304 may be created
outside of the patient and advanced through the catheter 53 by
a suitable device, such as a knot pusher. Preferably, in some
arrangements, a pledget (not shown) or similar member is
positioned between the septal wall SW and the knot 304 to
increase the surface area acting on the septal wall SW and
inhibit the knot from being pulled through the septal wall SW.
In addition, other alternative devices or methods for main-
taining tension on the suture 64 may also be used. The illus-
trated method has the advantage of using the septal wall SW
as a back stop for tying off the suture 64, which is a relatively
simple method of maintaining tension on the suture 64.

FIGS. 404-40; illustrate another preferred method for
remodeling the left ventricle LV of a patient’s heart H. In this
illustrated method, preferably, the system 200 of FIGS. 27-30
is utilized. Initially, a first catheter 320 and a guide wire 322
are routed through vasculature to the right ventricle RV and
through the septal wall SW to the left ventricle LV. A second
catheter 324 is similarly advanced to the left ventricle LV,
preferably to an opposite side of the left ventricle LV from the
first catheter 320 and through a separate access passageway,
as illustrated in FIG. 40a.

A retrieval device 326 is advanced through the second
catheter 324 and is used to grasp the guide wire 322, as shown
in FIG. 405. The retrieval device 326 may be of any suitable
construction to permit the retrieval of the guide wire 322, such
as one of the devices disclosed in U.S. Pat. No. 5,522,819 or
U.S. Pat. No. 5,868,754, for example, the entireties of which
are incorporated by reference herein and made a part of this
specification. The guide wire 322 can then be pulled through
the second catheter 324 such that both ends of the guide wire
322 are located external of the patient. The catheters 320 and
324 may then be removed from the patient, leaving the guide
wire 322 in place, as illustrated in FIG. 40c.

The user of the system 200 may apply a force to the free
ends of the guide wire 322 to force the portion of the guide
wire 322 within the left ventricle LV against the interior
surface of the wall of the heart H, as shown in FIG. 404.
Accordingly, the guide wire 322 may be used to reduce the
amount of motion due to the heart beat during deployment of
the tissue anchors 226. Subsequent to the positioning of the
guide wire 322, the catheter 202 may be advanced over the
guide wire 322 until a distal end portion of the catheter 202 is
within the left ventricle LV, as shown in FIG. 40e. Tissue
anchors 226 may then be deployed within the external wall of
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the left ventricle LV as described above with reference to
FIGS. 27-30 and shown in FIG. 40f

Once all the anchors had been placed, tension may be
applied to the suture 228 interconnecting the tissue anchors
226 to draw the tissue anchors 226 towards one another and
remodel the left ventricle. Preferably, a knot 328 may be
created in the free ends of the suture 228 external of the
patient and advanced through the catheter 202 to secure the
free ends together and maintain tension on the suture 228, as
illustrated in FIG. 40g. Preferably, the knot 328 is positioned
within the right ventricle RV such that the portion of the
suture 228 and knot 328 rest against the septal wall SW within
the right ventricle RV to maintain the left ventricle LV in its
remodeled orientation, as illustrated in FIG. 40/. This method
may be used to reduce to the volume of the left ventricle LV
to treat congestive heart failure or to reposition the papillary
muscles to improve mitral valve function, among other thera-
peutic uses.

FIGS. 41a and 415 illustrate a similar method using the
system 250 of FIGS. 31-36. In this method, once the linear
coil purse string device 260 has been implanted within the left
ventricle LV, the ends 270a and 2705 are secured together
within the right ventricle RV, such as by the lock nut 271 (as
described above with reference to FIG. 33) or another suitable
method. As described above, the tissue anchors 274 may be
positioned within the heart H while the device 260 is in a
stretched state. Desirably, the stretched state of the device 260
is no more than about 6 to 8 percent of the elastic limit of the
material. Once the extension rod 262 is removed, the device
260 preferably retracts towards its relaxed state, thereby
remodeling the left ventricle LV. The resistance to stretching
of'the device 260 assists in inhibiting excessive enlargement
of'the ventricle LV. This method may be used to reduce to the
volume ofthe left ventricle LV to treat congestive heart failure
or to reposition the papillary muscles to improve mitral valve
function, among other therapeutic uses.

With reference to FIGS. 42a and 425, as will be appreci-
ated by one of skill in the art, multiple rows R of tissue
anchors may be implanted within the left ventricle LV. For
example, with reference to 42a, the multiple rows R may
converge at a common point and be inclined relative to one
another. Alternatively, the multiple rows R may be positioned
substantially parallel to one another, depending on the desired
shape of the remodeled ventricle. Other suitable relative ori-
entations of the rows R of tissue anchors may also be used,
including arrangements wherein two or more rows R intersect
with one another.

FIGS. 43-46 illustrate yet another system 350 for remod-
eling soft tissue of a patient. Preferably, the system 350
includes a catheter assembly 352. The catheter assembly 352
preferably includes a guide catheter 354 and a delivery cath-
eter 356. A tunneling device 358 is received within the deliv-
ery catheter 356.

Desirably, the delivery catheter 356 has a pre-curved distal
end portion 360 that may be constrained in a generally linear
configuration when positioned within the guide catheter 354.
However, when deployed from the guide catheter 354, the
distal end portion 360 of the delivery catheter 356 preferably
tends to move toward its pre-curved configuration. As
described above, the pre-curved shape of the delivery catheter
356 may be configured by heat setting or otherwise manipu-
lating a super-elastic or shape-memory material. Further-
more, the distal end of the guide catheter 354 may be deflect-
able, such as in a manner similar to the guide catheters
described previously.

The tunneling device 358, preferably is an elongate rod
with a tissue penetrating tip 362. The tip 362, in one arrange-
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ment, may include one or more helical flutes such that when
the tunneling device 358 is rotated, the tip 362 tends to facili-
tate passage through tissue. The tunneling device 358 prefer-
ably is constructed from a super-elastic or shape-memory
material to provide a desired degree of flexibility. However,
other suitable materials may also be used, such as stainless
steel, for example.

The delivery catheter 356 and tunneling device 358 may be
advanced and rotated relative to one another and the guide
catheter 354 to permit the tunneling device 358 to move
through tissue in a desired tunneling path. Preferably, the
tunneling device 358 is configured to carry an end of a suture
or other line, through the passage created by the tunneling
device 358, as is described in greater detail below. However,
in other arrangements, the tunneling device 358 may be con-
figured to carry other suitable cinching devices, such as an
elastic member similar to the coiled member 270, with or
without the tissue anchor capsules 272.

FIG. 47 illustrates one desired path Q for the tunneling
device 358 to facilitate placement of a suture to remodel the
left ventricle LV of a patient’s heart H. In addition, FIGS. 484
through 48/ illustrate a preferred method of utilizing the
system 350 to pass a cinching member, such as suture 364,
through the heart wall and around the left ventricle LV. With
reference to FIG. 484, preferably by methods similar to those
described immediately above, access is gained to the right
ventricle RV through the patient’s vasculature. A catheter 362
preferably is utilized to gain access to the right ventricle RV
and provide a path to permit the catheter assembly 352 to be
advanced through the catheter 362 to the right ventricle RV.
Once inside the right ventricle RV, the catheter assembly 352
is positioned at a junction J of the septal wall SW and the
external wall of the heart H. The tunneling device 358 may be
advanced from the guide catheter 354 by a pushing force and,
preferably, simultaneous rotation so that the tip 362 bores into
the tissue.

With reference to FI1G. 485, the guide catheter 354 and the
delivery catheter 356 may be advanced along the tunneling
device 358 after the tunneling device 358 has created a path
through the heart wall. The delivery catheter 356 may be
advanced from the guide catheter 354 such that the distal end
portion 360 of the delivery catheter 356 assumes a desired
pre-curved configuration. Accordingly, the delivery catheter
356 may be used as a steering device to urge the tunneling
device 358 in a desired direction. The extent that the delivery
catheter 356 is exposed from the guide catheter 354, along
with the rotational position of the delivery catheter 356 rela-
tive to the guide catheter 354, may be selected and modified
throughout the procedure to achieve a desired tunneling path
of the tunneling device 358. In this manner, as illustrated
successively in FIGS. 48¢ through 48¢, the tunneling device
358 may be steered in a path through the external wall of the
heart H circumscribing the left ventricle LV until the tunnel-
ing device 358 reenters the right ventricle RV, preferably at a
junction between the septal wall SW and external wall of the
heart H opposite its entry point. A retrieval tube, or retrieval
catheter 364, may be introduced to the right ventricle RV by
a suitable method to receive the tip of the tunneling device
358 so that the device 358 may be advanced through the
catheter 362 until it may be retrieved from the proximal end of
the retrieval catheter 364.

Accordingly, such a method permits the tunneling device
358 to not only create a tunnel, or passage, through the heart
wall, but to also pass a cinching device, such as the suture 364,
through the passage. The suture 364, or other cinching device,
may then be pulled, or cinched, to remodel the left ventricle
LV. Preferably, as illustrated in FIG. 484, the suture 364 is tied
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off into a knot to maintain the remodeled orientation in a
manner similar to that described above. Pledgets may be used
if desired to spread the load acting on the heart wall from the
knot to a larger area. The system 350 and described method
may be used to remodel the left ventricle LV, such as reducing
the volume to treat congestive heart failure or repositioning
the papillary muscles to improve mitral valve function. In
addition, the system 350 and method may be used to remodel
other body cavities as well.

Although this invention has been disclosed in the context of
certain preferred embodiments and examples, it will be
understood by those skilled in the art that the present inven-
tion extends beyond the specifically disclosed embodiments
to other alternative embodiments and/or uses of the invention
and obvious modifications and equivalents thereof. For
example, the present systems may be utilized for tissue
attachment, tissue compression, tissue cinching, tissue tying,
tissue remodeling, tissue apposition and holding tissue in a
desired position. Furthermore, while the present tissue
remodeling systems and methods have been described in the
context of particularly preferred embodiments, the skilled
artisan will appreciate, in view of the present disclosure, that
certain advantages, features and aspects of the system may be
realized in a variety of other applications, many of which have
been noted above. Additionally, it is contemplated that vari-
ous aspects and features of the invention described can be
practiced separately, combined together, or substituted for
one another, and that a variety of combination and sub-com-
binations of the features and aspects can be made and still fall
within the scope of the invention. Thus, it is intended that the
scope of the present invention herein disclosed should not be
limited by the particular disclosed embodiments described
above, but should be determined only by a fair reading of the
claims.

What is claimed is:

1. A method to alter the shape of a ventricle of a heart, the
method comprising:

advancing a distal end of a catheter assembly into a first

ventricle of the heart;
positioning the catheter assembly at a first junction
between a septal wall and an external wall of the heart;

creating a passage within the external wall of the heart with
the distal end of the catheter assembly, the distal end of
the catheter assembly remaining within the external wall
and circumscribing a second ventricle until reentering
the first ventricle;

reentering the first ventricle at a second junction between

the septal wall and the external wall, the second junction
located on an opposite side of the heart from the first
junction;

advancing a cinching device through the passage; and

applying force to the cinching device to alter the shape of

the second ventricle.

2. The method of claim 1, wherein the first ventricle com-
prises the right ventricle and the second ventricle comprises
the left ventricle.

3. The method of claim 1, wherein creating the passage
comprises boring through tissue with a tip of the distal end of
the catheter assembly.

4. The method of claim 3, wherein boring through tissue
comprises applying a pushing force and rotation to the distal
end of the catheter assembly.

5. The method of claim 1, wherein the catheter assembly
comprises a delivery catheter and a guide catheter, and
wherein creating the passage comprises advancing the deliv-
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ery catheter from the guide catheter such that a distal end
portion of the delivery catheter assumes a curved configura-
tion.

6. The method of claim 5, wherein creating the passage
comprises rotating a tunneling device relative to the delivery
catheter to advance the tunneling device from the delivery
catheter.

7. The method of claim 6, wherein creating the passage
comprises using the delivery catheter as a steering device to
urge the tunneling device in a desired direction.

8. The method of claim 1, further comprising securing ends
of'the cinching device to one another within the first ventricle
of the heart such that the cinching device surrounds the sec-
ond ventricle.

9. The method of claim 1, wherein the passage is a first
passage and the method further comprises:

creating a second passage with the external wall of the

heart with the distal end of the catheter assembly, the
distal end of the catheter assembly remaining within the
external wall and circumscribing the second ventricle
until reentering the first ventricle; and

advancing a second cinching device through the second

passage.

10. The method of claim 9, wherein the first and second
passages are substantially parallel to one another.

11. The method of claim 9, wherein the first and second
passages converge at a common point and are inclined rela-
tive to one another.

12. A method to reposition leaflets of a mitral valve of a
heart to improve valve function, the method comprising:

advancing a distal end of a catheter into a right chamber of

the heart;
using the catheter to advance a line within the wall of the
left ventricle in a direction parallel to inner and outer
surfaces of the wall such that the line extends along the
wall generally parallel to the inner and outer surfaces
substantially from a location on one side of the heart to
a location on an opposite side of the heart;

applying force to the line to alter the shape of the left
ventricle such that the leaflets are repositioned to
improve the function of the valve; and

securing the line within the right chamber such that the line

surrounds the left ventricle without surrounding the
right chamber.

13. The method of claim 12, wherein securing the line
maintains the altered shape of the left ventricle.

14. The method of claim 13, wherein securing comprises
securing ends of the line to one another within the right
ventricle of the heart.

15. The method of claim 12, wherein using the catheter
comprises using a directing catheter to direct a path of a
tunneling device within the wall of the left ventricle.

16. The method of claim 12, wherein the line is a first line
and the method further comprises:

using the catheter to advance a second line within the wall

of the left ventricle in a second direction parallel to the
inner and outer surfaces of the wall such that the second
line extends along the wall generally parallel to the inner
and outer surfaces substantially from a second location
on one side of the heart to a second location on the
opposite side of the heart.

17. The method of claim 16, wherein the first and second
lines are substantially parallel to one another.

18. The method of claim 16, wherein the first and second
lines converge at a common point and are inclined relative to
one another.



US 9,107,658 B2

25

19. A method to alter the shape of a ventricle of a heart, the
method comprising:

(a) providing a catheter assembly comprising a tunneling
device and a delivery catheter disposed within a guide
catheter;

(b) advancing a distal end of the catheter assembly into a
first ventricle of the heart;

(c) positioning the catheter assembly proximate a septal
wall of the heart;

(d) rotating the tunneling device relative to the delivery
catheter to advance the tunneling device from the deliv-
ery catheter;

(e) creating a passage within an external wall of the heart
with the tunneling device;

(f) advancing a distal end portion of the delivery catheter
from the guide catheter, the distal end portion of the
delivery catheter assuming a curved configuration to
urge the tunneling device in a desired direction;

(g) repeating (d)-(f) such that the passage circumscribes
the second ventricle;

(h) advancing the tunneling device to reenter the first ven-
tricle;

(1) advancing a cinching device through the passage; and

(j) applying force to the cinching device to alter the shape
of the second ventricle.

20. The method of claim 19, wherein creating the passage
comprises applying a pushing force and rotation to a tip of the
tunneling device.

21. The method of claim 20, wherein the tip of the tunnel-
ing device comprises helical flutes.
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22. The method of claim 19, wherein advancing the cinch-
ing device through the passage occurs simultaneously with
creating the passage with the tunneling device.

23. The method of claim 19, wherein positioning the cath-
eter assembly comprises positioning the catheter assembly at
a first junction of the septal wall and the external wall of the
heart, the method further comprising:

reentering the first ventricle at a second junction between

the septal wall and the external wall, the second junction
located on an opposite side of the heart from the first
junction.

24. The method of claim 19, wherein the tunneling device
remains within the external wall and circumscribes the sec-
ond ventricle until reentering the first ventricle.

25. The method of claim 19, further comprising securing
ends of the cinching device within the first ventricle such that
the cinching device surrounds the second ventricle.

26. The method of claim 19, further comprising repeating
(c)-(j) to provide one or more additional cinching devices
within the external wall and circumscribing the second ven-
tricle.

27. The method of claim 26, wherein the cinching devices
within the external wall are substantially parallel to one
another.

28. The method of claim 26, wherein the cinching devices
within the external wall converge at a common point and are
inclined relative to one another.
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